Background and objectives: The prevalence and significance of remission and relapse in children, adolescents, and young adults with lupus nephritis in the United States are poorly understood. Patterns and predictors of disease progression in a southeastern U.S. pediatric cohort with severe lupus nephritis are presented.
S ystemic lupus erythematosis (SLE) is a chronic autoimmune disorder affecting approximately 1.4 million U.S. residents of whom 15% have onset before age 16 yr (1) . Lupus nephritis affects 20 to 80% of juvenile onset lupus, and 10 to 50% of these individuals progress to end stage kidney disease (ESKD) (2) (3) (4) (5) (6) . The prevalence and significance of disease relapse and impact of available treatments in pediatric patients with lupus nephritis are poorly understood. Most published studies in pediatrics are small, single-center reports, and outcome data are often difficult to generalize to populations that are demographically diverse (2, (7) (8) (9) (10) . This retrospective study entails a predominantly African American cohort of pediatric patients with lupus nephritis and a high prevalence of proliferative disease. We compare outcomes in patients with partial versus complete treatment response and evaluate patterns and predictors of relapse. We also examine the impact relapse patterns have on progression to ESKD.
Materials and Methods

Study Population
Eligible patients were identified through the Glomerular Disease Collaborative Network (GDCN) and the University of North Carolina at Chapel Hill (UNC) nephropathology database. The GDCN is a network of 800 nephrologists, rheumatologists, and nephropathologists from over 300 private practice nephrology clinics and academic sites located primarily throughout the southeastern United States. The UNC Nephropathology Laboratory evaluates more than 1500 biopsies each year. Individuals with various forms of glomerular disease are invited to provide consent to participate in GDCN disease-specific registries by their participating physician, as described previously (11, 12) . We identified 330 patients less than 21 yr of age at the time of initial lupus nephritis diagnosis on kidney biopsy between 1985 and 2007.
The medical records of 109 consented eligible subjects were reviewed. Patients with proliferative lupus nephritis lesions (classes III to V) by either 1995 World Health Organization classification or 2003 International Society of Nephrology/Renal Pathology Society (ISN/RPS) classification were included (13, 14) . Twenty-four patients were excluded due to follow-up time less than 6 mo and another 12 patients were excluded for class II (mesangioproliferative) disease, yielding a study cohort of 73 patients. Comparison of the study cohort to the total of 330 pediatric patients with renal biopsy-proven lupus nephritis by the UNC nephropathology laboratory was made to assess whether the study sample is representative of the pediatric lupus nephritis patients registered in the GDCN. In accordance with the Declaration of Helsinki, this study was approved by the UNC Committee for the Protection of Human Subjects.
Definitions
The diagnosis of lupus nephritis was based on the kidney histopathology and meeting at least three American College of Rheumatology (ACR) criteria (13) . Complete remission was defined according to the ACR 2006 clinical trial criteria, which define remission as (1) a normal estimated GFR (eGFR) Ն90mls/min/1.73m 2 or Ͼ25% increase from baseline, (2) urine protein-to-creatinine ratio Ͻ0.2 or dipstick of 0 to trace, (3) less than five red blood cells (rbcs)/high power field, and (4) no cellular casts in the urine (15) . Estimated GFR was calculated using the Schwartz formula (16). Partial remission was defined as meeting the ACR 2006 clinical trial criteria for remission with the exception of a urine protein-to-creatinine ratio between 0.2 and 2. If patients met at least two parameters but were missing information on the other criteria, they were labeled as partial responders. Patients were defined as nonresponders if they failed to meet any of the criteria for remission. Inclusion into one of these response categories was evaluated as the best remission response or cumulative response over the first year after initial kidney biopsy and induction therapy. Disease relapse was characterized as a Ͼ25% decline in GFR, a 50% or more increase in proteinuria, or active urine sediment characterized by Ͼ5rbc/hpf and/or cellular casts. ESKD was defined by dialysis dependence for greater than 3 mo or kidney transplantation.
Statistical Analyses
Baseline characteristics of the study cohort were summarized using descriptive statistics expressed as mean Ϯ SD or number (%). KruskalWallis test was used to compare continuous measures by treatment response groups. Fisher's exact test was used for comparisons of categorical data. Kaplan-Meier estimates were used to assess and plot time to relapse and time to ESKD separately following biopsy diagnosis. Patients were censored on their last day of follow-up if they did not reach an end point. Cox regression models were used to evaluate the effect of potential predictors of relapse and ESKD as separate outcomes. Results are reported as hazard ratios (HRs) with 95% confidence intervals (CI). All data analyses were completed using Stata statistical software, version 10 (StataCorp, College Station, TX).
Sensitivity Analysis
To evaluate the impact of misclassification, a partial sensitivity analysis was conducted where study participants were reclassified using a less stringent set of remission criteria. Contreras et al. defined overall remission as improvement in serum creatinine Ͼ25% of baseline or stable serum creatinine within 25% of baseline and a urine protein-tocreatinine ratio less than three with a baseline of greater than three or a greater than 50% decrease if baseline was less than three (17) . Findings from urine sediment were not included in this definition. Because proteinuria is included in each definition, an analysis excluding patients missing proteinuria information was completed.
Results
A total of 73 study participants ages 6 to 21 yr were evaluated in this analysis. The demographic characteristics of the sample were similar to the overall renal biopsy population from which it arose and are summarized in Table 1. Table 2 displays the more detailed baseline characteristics of the study cohort. The mean age was 15.6 Ϯ 3.4 yr and 12 (16%) men were included, yielding a female-to-male ratio of 5:1. Mean follow-up time was 55.4 Ϯ 51.6 mo. African Americans represented nearly twothirds of the 73 subjects included in this study. Among the African Americans, 70% had class IV disease compared with 17% with class III and 13% with class V disease.
Treatment Response
Overall, 65 (89%) patients had a response to induction therapy, while eight (11%) patients were treatment resistant ( Table  2 ). Among responders, partial response, n ϭ 47 (72%), was more common than complete response, n ϭ 18 (28%), with a ratio of 2.6:1. Among the partial responders, 42 (90%) met criteria by eGFR, 35 (75%) met criteria for improvement in proteinuria, and 20 (43%) had normal urine sediments. In this cohort, 12 (16%) were missing data for proteinuria, and 27 (37%) for urine sediment findings. The eight study participants who were treatment resistant were all African American. Treatment resistance was marked by significant reduction of eGFR at presentation, supporting the likelihood of delayed diagnoses and therefore greater predominance of chronicity at the time of initial therapy. On review of histologic chronicity markers, it was evident that several of the treatment-resistant patients presented with advanced sclerotic disease. Four of the treatment-resistant patients presented with moderate to severe interstitial fibrosis and tubular atrophy, and/or Ͼ50% glomeruli with global sclerosis. An additional four treatment-resistant individuals presented with findings suggestive of potentially reversible disease. These individuals had mild to no fibrosis or tubular atrophy, and one of the four showed no cellular crescent formation. One patient had evidence of thrombotic microangiopathy.
Relapse
Of the 65 patients who responded to initial therapy, 23 (35%) experienced a renal relapse, with over one-third experiencing relapse within 5 yr of diagnosis. Mean time to relapse overall was 44.6 Ϯ 32 mo. We were unable to identify statistically significant predictors of relapse (Table 3) . However, the risk of disease relapse in African American patients was 32% lower than in Caucasians, with a HR of 0.68 (P ϭ 0.37). Overall, ten (53%) of 19 Caucasian responders experienced disease relapse, compared with 12 (33%) of 36 of African American responders. There was no difference in the development of disease relapse between complete and partial responders (Figure 1) . Overall, 36% of those who achieved partial remission relapsed com- pared with 33% of those who achieved complete remission. Only five of the 23 patients who relapsed were on maintenance therapy with a purine analog (mycophenolate mofetil or azathioprine) at the time of relapse. Nine of the relapsers were on no maintenance therapy, and three patients who were supposed to be on maintenance therapy had well-documented histories of nonadherence to prescribed medical therapy. One subject relapsed with the development of pregnancy, and two patients relapsed upon the spacing of cyclophosphamide from a monthly to quarterly dosing regimen. c One patient in overall group who developed a partial response beyond first year and eventually relapsed. This patient was excluded from analyses on relapse data. Denominator is based on the total number of responders. 
ESKD
Kidney survival for this cohort was 77% at 5 yr. Five-year survival estimates were 83% for complete and 80% for partial responders. Five-year survival in nonresponders was 54% (Figure 2) . Treatment resistance was associated with high risk of progression to ESKD in univariate (HR 6.25; P Ͻ 0.002) and multivariate analysis controlling for African American race and baseline eGFR (HR 5.46; P Ͻ 0.018) ( Table 4) . A tenfold risk of progression to ESKD disease was associated with disease relapse; (HR 10.12; P Ͻ 0.001) ( Table 4 ). Multivariate analysis controlling for African American race and baseline estimated GFR resulted in similar risk for ESKD associated with relapse (HR 11.76; P Ͻ 0.001).
Sensitivity Analysis
Applying the more liberal overall remission criteria defined by Contreras et al., we found no difference in those identified as nonresponders in our cohort. On the other hand, more than twice as many study participants originally classified as partial responders met the Contreras criteria for overall remission: 37 (51%) compared with 18 (25%) using the ACR 2006 criteria. These differences, however, did not translate into significant changes in outcome. Relapse occurred in nine (25%) of 37 of complete responders classified via the Contreras criteria versus six (33%) of 18 complete responders, using ACR 2006 criteria. Progression to ESKD was similar as well with five (14%) of complete responders using the Contreras criteria compared with three (17%) of complete responders using the ACR 2006 criteria developing ESKD. Exclusion of the 12 partial responders missing information for proteinuria yielded similar patterns of relapse and ESKD events. Relapse occurred in 13 (37%) of 35 partial responders compared with six (33%) of 18 complete responders. ESKD occurred in five (14%) of partial responders compared with three (17%) complete responders.
Discussion
This study is the largest cohort evaluating treatment response and relapse patterns among children, adolescents, and young adults with proliferative lupus nephritis in the United States. We observed treatment resistance in 11% of patients in this cohort and disease relapse in 35% of those with a cumulative response to induction therapy within 1 yr of treatment.
Treatment resistance has been observed in 20 to 32% of adult patients with lupus nephritis (18, 19) . Prior estimates of treatment resistance in children are more difficult to find as most of these studies report only long-term survival estimates. Treatment resistance was observed in 13% of a cohort of (n ϭ 77) Korean children with lupus nephritis and in 29% of a group of predominately (n ϭ 44) African American children with lupus nephritis (3, 9) . Treatment resistance was observed only among African Americans in our cohort.
Treatment resistance was highly predictive of ESKD (HR 6.25; P Ͻ 0.002). Patients with complete versus partial response did not differ with respect to risk of either disease relapse or progression to ESKD. Similar findings are reported in a recent publication by Chen et al. where they evaluated 86 adult patients with proliferative lupus nephritis previously involved in a randomized clinical trial (19) . In this study, even a partial remission defined clinically by changes in serum creatinine and proteinuria predicted better kidney survival than no response to initial therapy.
Treatment resistance in our cohort may be related specifically to chronicity in some patients, but four of the eight treatmentresistant patients had only mild evidence of chronicity by histology. Previous studies have reported similar patterns of treatment resistance among ethnic minorities independent of chronic changes on biopsy (12, 20) . Treatment resistance among individuals of African descent has been described in areas with universal access to health care, supporting the presence of risk factors independent of socioeconomic disparities (2). Another study evaluated the impact of concomitant lupus involvement in the central nervous system and found similar patterns of treatment resistance among African Americans (21) .
The development of disease relapse in 35% of our cohort is similar to observed relapse patterns reported in 32% of 25 children with lupus nephritis in a separate southeastern US cohort (22) . Lee et al. observed disease relapse in 45% of 77 Korean children with lupus nephritis (3). We found an absolute difference of only 3% in relapse occurrence between complete (33%) and partial (36%) responders. In pediatrics, relapse patterns in complete compared with partial responders have not been reported previously.
Differences in relapse rates between complete and partial responders in adult cohorts have been reported. Using response criteria comparable to those chosen for our current study, lower rates of relapse occurrence for complete versus partial remission have been reported in Italian and Korean cohorts (23) (24) (25) . A follow-up study on 145 patients previously involved in the early NIH trials for induction therapy revealed that partial responders were more likely to develop a renal flare, 12 (63%) of 19, compared with complete responders, 29 (40%) of 73 (26) . It is interesting to note that all the relapsing patients had been off maintenance therapy for at least 6 mo. In comparison, only 25% of the relapsers in our cohort were on maintenance therapy at the time of relapse, which underscores the question of how long to continue maintenance therapy in patients who have achieved remission.
Renal relapse was a strong predictor of progression of ESKD Figure 2 . Kidney survival by treatment responses.
(HR 10.12; P Ͻ 0.001) in this study. This finding is in agreement with prior lupus nephritis cohorts (27, 28) . Mosca et al. found that nephritic flares and early proteinuric flares among adults were highly associated with doubling of serum creatinine (27, 29) . Similar findings have been reported in another adult cohort (28) . The relationship between relapsing disease and ESKD has been reported less frequently in pediatric cohorts. In the Korean pediatric lupus nephritis cohort, Lee et al. found nephritic flares to be independently associated with chronic kidney failure (3) .
One of the strengths of our study is the length of follow-up. With a mean follow-up time of 55 Ϯ 51 mo, the ability to capture relapses and ESKD is strengthened. Review of the literature on adults with lupus nephritis reveals mean time to first episode of relapses between 32 and 42 mo (27, 28, 30) . We found similar results with a mean time to first relapse episode of 43 mo in this pediatric cohort. Our 5-yr kidney survival estimate for complete responders of 83% is poor compared with a report by Chen et al., who reported a 10-yr survival estimate for complete responders of 95% (19) . Of note, African Americans represented only 24% of the Chen cohort, which is quite different from our southeast U.S. cohort with 64% African Americans. An additional strength of our study is how representative our cohort is of the overall biopsied 309 pediatric lupus nephritis patients in the GDCN registry.
Limitations of this study exist and warrant discussion. The retrospective design of the study makes the introduction of biases possible. Uniform review of medical records with application of strict definitions for remission limits these biases. There is also a concern with the strict nature of the definition used for complete and partial remission in this study. Data were required for each of the three criteria to be classified as a complete responder. If a subject met at least two of the criteria for complete remission but did not have information for at least one of the other criteria, the subject was classified as a partial responder. As a result, there were patients classified as partial responders in this cohort that would be classified as complete responders using alternative definitions for response. Inconsistency of classification of a positive response to therapy however did little to change the measurable differences in outcomes of relapse or ESKD when using less strict definitions or excluding patients missing information for proteinuria. Despite being a large cohort for this rare disease, the number of participants in this study limits the power to reveal small differences.
Conclusion
Clinical response to therapy defined as complete or partial remission yielded superior long-term kidney survival than observed in nonresponders. Treatment resistance in African Americans is a major concern and may not be related to advanced chronic disease defined histologically. Relapsing disease in 35% of this cohort with a mean time of 44 mo to first relapse is comparable to published data in adult patients. Disease relapse is a strong predictor for risk of ESKD, yet larger studies to investigate this question are warranted. Studies of both children and adults with lupus nephritis focusing on biologic influences for treatment resistance also warrant exploration. 
